THE experimental study of carcinogenesis aims at the finding of the common denominator for metabolic and structural changes which are characteristic of malignant transformation. In the previous paper (Fiala and Fiala, 1959) we tried to throw some light on this problem by correlating in time various changes during the carcinogenic process induced in rat liver by 3'-methyl, 4-dimethylaminoazobenzene. It was found that the whole process consists of two distinct phases. In the first there occurs a depletion of preformed cytoplasmic granules, accompanied by a lowering in the amount of respiratory activity, while glycolysis remains unchanged. Then, some 80 days after initiation of carcinogen feeding, a relatively sudden increase of anaerobic glycolysis takes place, coinciding with or slightly preceding the onset of massive cellular proliferation. At this time there occurs also a marked shift in the distribution of cytoplasmic ribonucleic acid from the ergastoplasm into the supernatant.
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It is obvious, therefore, that the single factor we sought for is actually the ratio N +S K* M + CH + Rwhich changes its value in favor of the numerator in that critical period of carcinogenesis which marks the onset of malignant transformation. If we substitute the active masses of subcellular fractions for the respective symbols, the result describes the great preponderance of the nuclei and unorganized soluble phase of the cell over the preformed cytoplasmic elements. This amounts to the lack of cytoplasmic differentiation. If, on the other hand we substitute the corresponding ribonucleic acid for each fraction, we obtain a shift in the distribution of ribonucleic acid from cytoplasmic elements into the nucleus and supernatant. When, finally, we substitute into this ratio the metabolic activities of the corresponding fractions, we obtain a sudden increase in glycolysis (concentrated in the supernatant) over and above the respiration of mitochondria. (Novikoff, 1956) or only small and variable amounts (Harel, Jacob and Moule, 1957 (Miller and Miller, 1947 spectrophotometrically (Knox, 1955) In unincubated controls TCA was added before G 6-P. The total volume of mixture was 3.0 ml.
Polarographic determination of protein-bound sulphydryl groups was performed using Brdicka ammoniacal solution of cobaltous chloride as indicated in the previous paper.
The proteins of the ergastoplasm were separated into soluble and insoluble fraction by the following procedure: the fraction spun down by 1 hour centrifugation at 59000 x g (Spinco preparative ultracentrifuge) from the homogenate in isotonic sucrose (10 volumes) was resuspended in cold physiological saline and recentrifuged in a Servall SS-1 centrifuge for 2 hours at 30000 x g in the cold room. The supernatant was discarded, the sediment was resuspended in distilled water, dialyzed against distilled water for 48 hours at 4°and lyophilized. The lyophilized material was homogenized at pH 9.2 either in a cold Edsall (1930) solution (6 X 10-1KC1, 1 x 10-2M Na2C03, 4 x 10-2M NaHCO3) or, later, when it was seen that the reproducibility of the results demanded buffered solution, in Trisbuffer pH 9.1. The fraction was left for 1-2 hours in the cold with occasional stirring and then centrifuged for 1 hour at maximum speed in the Servall centrifuge.
Both sediment, resuspended in distilled water, and supernatant were dialyzed against large volume of distilled water for 48 hours at 4°. The protein nitrogen of dialyzed subfractions was determined by Nesslerization.
RESULTS

Localization of Carcinogen
Measurements of isolated subcellular fractions from livers of rats fed with MDAB have shown that purified nuclei contained practically no carcinogen.
The nuclear fraction did not stain pink after precipitation with trichloracetic acid throughout the period of carcinogenesis if basophilic cytoplasmic contaminates were removed by repeated washings with isotonic sucrose. Also the hydrolysis of the purified nuclear fraction did not liberate any carcinogenic azo dye. This demonstrated that no appreciable amount of carcinogen was present in the nuclear fraction. The localization and action of this carcinogen must, therefore, be cytoplasmic.
The presence of the carcinogenic azo dye was noted in all cytoplasmic fractions after precipitation with 5 per cent TCA. The comparisons of amounts of MDAB liberated after hydrolysis of cytoplasmic fractions is shown in Table I . By far the greatest amount of this protein-bound carcinogen appeared in the soluble phase; considerably less was in the ergastoplasm; and very little was contained within the mitochondria. Still more significant was the fact that the purification of mitochondria, manifested in lowering of the B.Q. from 0.4 to 0.12 coincident with the removal of contaminating RNA-rich elements, resulted in a proportional loss of protein-bound carcinogen. The carcinogen content of liver mitochondria thus depended on contamination by ergastoplasm. Fig. 1 shows the absorption spectra of liberated azo dye from separated cytoplasmic fractions. The spectrum calculated for mitochondria with B.Q. approaching zero disappears and is, therefore, drawn as a straight line. Under the idealized conditions of pure mitochondria, no carcinogen would be found. The slight content of the carcinogen in the mitochondrial fraction dependent on the contamination with ergastoplasm, made clear why this carcinogenic azo dye is not a respiratory inhibitor. This result warranted investigation of the localization of a carcinogenic fluorescent hydrocarbon such as benzopyrene and methylcholanthrene because it was speculated for a long time that mitochondria are the main storage place of these carcinogens. Thus Graffi (1939) treated various cells in vitro with benzopyrene and methylcholanthrene dissolved in glycerol and serum and observed by fluorescence their accumulation inside mitochondria stained by Janus Green. The obvious drawbacks of his observation were that he used in vitro experiments, which are often less conclusive than those in vivo, that he chose for his study cells in which benzopyrene and methylcholanthrene do not produce tumors.
In our experiments we have found that the location of benzopyrene in mouse skin depends on the mode of application. When the carcinogen was applied in lanoline, all cytoplasmic fractions yielded characteristic fluorescence in their alcoholic extracts while no carcinogen seemed to be liberated from protein residua after hydrolysis. On the other hand when the carcinogen was applied in benzene solution, a significant fluorescence could be observed, even after a thorough alcohol extraction, from hydrolyzed protein residua of the supernatant and ergastoplasmic fractions. In the homogenate obtained from 2g. of mouse epidermis, the supernatant was the most strongly fluorescent; the nuclear fraction was least, although its nitrogen content was relatively the highest. The mitochondrial fraction formed only a comparatively small portion of the protein nitrogen of the homogenate. Its content of fluorescent material was also low after hydrolysis, but, per mg. of nitrogen it was only slightly lower than other cytoplasmic fractions.
FIG. 1.-Protein-bound carcinogen liberated by hydrolysis from separated cytoplasmic fractions of 3 rat livers (43 days of carcinogen feeding). Ethanol-HCl mixture, Vol. 25 ml.
When we obtained in another experiment, a mitochondrial fraction which was less contaminated with RNA-rich elements, no fluorescence was found after hydrolysis. These results left little doubt that neither MDAB nor 3,4-benzopyrene are stored in mitochondria, which is in conformity with their failure to produce respiratory inhibition. The mitochondria cannot be thought of as targets for any direct action of these carcinogens.
Attempts were also made to isolate, or at least to concentrate, the carcinogenbinding protein from the soluble phase. The initial steps of separation are shown in Table II The isolated protein fraction had a pale yellow color in solution. Its absorption maximum occurred at 405 mu. (pH 7.0). The absorption maximum is shifted only slightly toward longer wave-lengths in comparison to the absorption maxi-mum of pure carcinocgen dissolved in diluted ethanol and at the same pH (Fig. 3) . Normal hydrochloric acid, causing pink coloration, dissolved the protein-dye complex without causing turbidity. It was seen that under these conditions the absorption maximum of the complex was again similar to that of pure carcinogen.
In the ultraviolet region the undenatured protein fraction containing very low absorption at 260 m/u. had an absorption peak at 280 m/,. The fraction and the residuum) were analyzed for ribonucleic acid. It was found that the soluble portion contained practically all the ribonucleoprotein which could be precipitated with CaCl2 and also a protein fraction which did not contain RNA but was relatively rich in polarographically active, protein-bound, sulphydryl groups. The RNA-rich protein fraction could be split off from the soluble subfraction with 1 M NaCl.
The pH 9.1-insoluble residuum dissolved in N/2 NaOH at room temperature only in the course of several hours, giving a yellow solution. Approximately 1/3 of this residuum dissolved in 0.1 M citric acid (pH 2.5), while the addition of 0.1 M Na citrate produced turbidity. In contrast to the soluble fraction, the insoluble residuum was characterized by a low content of polarographically active sulphydryl groups. The amount of sulphydryl groups in the residuum did not increase after heating to 60°for 15 minutes to any considerable degree. It seemed likely that their presence in the residuum was due to the contamination by the soluble fraction. The residuum differed also from the soluble fraction by a relatively low absorption at 280 mp. which belongs to aromatic amino acids. (Palade, 1955) which are attached from the outside to the tubular network (endoplasmic reticulum, Porter, 1953) .
Because of the solubility of carcinogen-binding protein in the supernatant, we expected to find carcinogen localized in the soluble subfraction of the ergasto- plasm. Contrary to this expectation the carcinogen was found to be firmly bound mainly to the residuum, apart from ribonucleoproteins, thus providing evidence that it is here where the damaging influence of this carcinogen is primarily localized.
3. The prevention of adaptive formation of tryptophan peroxidase by MDAB All changes described so far as induced by carcinogens are long range effects. By the fact that carcinogenic azo dye MDAB is not a respiratory inhibitor and that glycolysis increases only at the onset of malignant transformation (Fiala and Fiala, 1959 ) the often held assumption that the carcinogen interferes primarily with the metabolism of the cell cannot be held any longer. What then is the primary effect of a carcinogen beyond its binding to one or more chemically, not yet fully characterized proteins ?
It seemed obvious that an answer to this question could be obtained if we could find a reaction normally occurring either in the supernatant or in the ergastoplasm which would be inhibited by a carcinogen very soon after its incorporation into the cell. We assumed that the depletion of cytoplasmic structures may be due to the interference with some phase of the mechanism of protein synthesis. This possibility could not be excluded by the finding that carcinogen-binding protein is not a nucleoprotein, because the mechanism of protein synthesis is very likely caused by an interplay of several components, as one may judge, e.g. from the experiments of Hoagland, Keller and Zamecnik (1956) . One of the best objects in the study of protein synthesis are the adaptive enzymes. It is known that tryptophan peroxidase (TPO) is an adaptive enzyme formed in mammalian liver in increased amounts following the injection of L-tryptophan (Knox, 1951) . The enzyme is synthesized de novo from its constituent amino acids (Lee and Williams, 1952) . Moreover, it has been reported recently (Claudatus and Ginori, 1957 ) that there exists a block in the pathway of tryptophan metabolism in hepatoma via kynurenin, indicating that TPO is absent from hepatoma. When we tested the localization of this enzyme in normal rat liver, we found that it is present in the soluble phase. No data seem to exist in the literature on the level of this enzyme and its adaptive synthesis in the precancerous liver.
For those reasons we investigated the induction of TPO in livers of MDAB-fed rats and compared it with controls on a basal diet without carcinogen. We found that the level of TPO did not appreciably change during the first stage of carcinogenesis but that its new formation was largely inhibited by the presence of carcinogen. This is shown in Table III . From these data one can conclude that the carcinogen does indeed inhibit the synthesis of at least some soluble proteins.
In order to decide whether this inhibition is caused by structural damage to the cell, which certainly occurs already during first weeks of carcinogen feeding, or whether it is due to a block of the enzyme forming system by the carcinogen, we applied single massive doses of carcinogen, followed by tryptophan injection and measured TPO activity some six hours later. The whole experiment was performed within twenty-four hours after application of the carcinogen. Table   IV shows the result of such experiment. 
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It is seen that there is a substantial inhibition of TPO formation already after a single injection of the carcinogen so that we may assume with a great degree of probability that it is not structural damage but a block by the carcinogen which is responsible for the inhibition of protein synthesis by the enzyme forming system of the cell.
The inhibiting effect of the carcinogen on the ergastoplasm
Since the carcinogenic azo dye MDAB is present not only in the soluble phase of the cell, but also in the residuum of the ergastoplasm, the question of how the residuum is affected by the carcinogen led to a problem similar to the one encountered in the case of TPO and the soluble phase of the cell, namely to the choice of a suitable enzyme. Such an enzyme is G 6-Pase, shown to be present exclusively in the microsomes (de Duve et al., 1953) . This enzyme was shown to decline in amount during hepatic carcinogenesis and to be absent from hepatoma (Weber and Cantero, 1955) . It could be assumed, therefore, that an investigation of the mechanism whereby the carcinogen brings about the depletion of G 6-Pase, would throw some light on the effect of the carcinogen on the ergastoplasm. The separation of the ergastoplasm into pH 9-1-soluble fraction and the insoluble residuum has shown that this enzyme is present exclusively in the residuum. This agrees with the unsuccessful attempts to solubilize the enzyme.
When we followed the depletion of G 6-Pase during feeding with MDAB we have seen that for a period of several weeks or 2-3 months there is no appreciable change in the level of this enzyme. This agrees with the data of Weber and Cantero (1955) who used DAB as carcinogen. When we correlated the level of this enzyme with the level of anaerobic glycolysis and cellular proliferation we have seen that the period of depletion of G 6-Pase roughly coincides with the sudden increase of anaerobic glycolysis and, within certain limits of error, also with the onset of cellular proliferation. The coincidence of G 6-Pase depletion and of anaerobic glycolysis increase seems to be an important point, which is documented by Table V . In further experiments we have seen that single massive doses may decrease the activity of G 6-Pase. However, this effect did not occur regularly and we did not attempt, so far, to further analyze this phenomenon. It seemed more important to study whether the increase in the level of G 6-Pase observed by Weber, Allard, Lamirande and Cantero (1955) induced in the normal liver by several injections of cortisone acetate does occur in the carcinogen storing liver. Under these conditions the increase of G 6-Pase seems to increase as an adaptive enzyme. In rats fed with a basal diet and, therefore, under a low protein regimen, the cortisone injection often led to a striking decrease in the weight of liver, instead of increase in the weight usually observed in the normal rats. Such cases were excluded and only these cases were considered in which liver either did not change or increased its weight after 5 consecutive daily injections of 25 mg. of cortisone acetate. This was achieved by placing the animals on regular food during the whole period of experiment. In such cases the increase of G 6-Pase occurred in control, cortisoneinjected, animals, but did not occur in carcinogen-treated, cortisone-injected, rats.
In order to see whether one or two injections of the carcinogen in normal rats would modify the response of tissue to cortisone in regard to G 6-Pase, the following experiment illustrated in Table VI was performed.
The experiment shows that similar to the effect on TPO in the soluble phase, the carcinogen suppresses the increase of an adaptive enzyme of ergastoplasm. The condition, however, may not be strictly analogous since a decrease in G 6-Pase activity was occasionally observed, after single massive doses of carcinogen in distinction to the TPO level which remained unchanged. In any case the carcinogen also exerts an inhibitory effect on the ergastoplasm which is manifested long before structural damage can be observed by differential centrifugation. 5. The effect of MDAB on the structure of the ergastoplasm
In the critical stage of liver carcinogenesis the sudden increase of anaerobic glycolysis is linked to the depletion of G 6-Pase. This enzyme has been found (see above) to be anchored in the insoluble residuum of the ergastoplasm while the ribonucleoprotein fraction goes into solution at pH 9 1. This fact led us to investigate what happens to the insoluble residuum at this stage of carcinogenesis and we compared, therefore, the quantitative relationship between the residuum and the soluble fraction during carcinogenesis. The results are summarized in Table VII . The table shows that the proportion between the residuum and the soluble fraction does not undergo a noticeable change in the first stage of carcinogenesis. In the second period, however, there occurs a striking change. The same amount of lyophilized material in the control shows a predominance of the residuum, while in the experimental sample and especially in tumor (Novikoff hepatoma) the ratio of the residuum to the soluble fraction is reversed, demonstrating predominance of the soluble fraction and depletion of the residuum, which is the structural groundwork of the ergastoplasm.
DISCUSSION
The metabolic damage to the cell induced by a carcinogen such as MDAB is undoubtedly a secondary, long-range effect; a result of whole series of events which are still largely unknown. A more immediate effect than the damage to respiration, is an inhibition of synthesis of certain proteins. The case of the inhibition of TPO formation is an example which is suggestive of harm done by the carcinogen to the ability of the cell to adapt itself to the demands of the organism. At the same time this loss may mean an initial step in progressively increasing independence of the cell from the influence of the environment. This probably represents from a biological viewpoint a gain for the cell which exists on a relatively small rate of protein synthesis when on a basal diet, and is further encroached upon by an additional decrease in protein synthesis in the presence of carcinogen. It has been shown (Westerfeld, Rickert and Hilfinger, 1950) that e.g. xanthine oxidase is considerably depleted in livers of rats on a basal diet and that the carcinogen only accentuates this depletion. Something similar occurs with the levels of respiratory enzymes. In the presence of the carcinogen, the cell becomes increasingly independent of the organism; becoming so to speak a tissue culture within the organism.
From this viewpoint it is probably of utmost importance that the carcinogen is incorporated into the insoluble residuum which constitutes the tubular structures of the ergastoplasm. The system of these structures is known to form a continuous network of membrane-bound cavities, called endoplasmic reticulum (Porter, 1953 , Palade, 1955 . In distinction to the soluble proteins of the cell, endowed with various enzymatic functions, the insoluble proteins were often considered of secondary importance, merely acting in the role of a cytoskeleton (Needham, 1936 , Peters, 1936 (Fiala, Fiala and Sproul, 1957; Fiala, Sproul and Fiala, 1956, 1957) . As far as we can judge from early studies of the effect of sex hormones on the epithelial cells of seminal vesicles in the rat (Moore, Hughes and Gallagher, 1930) proteins, non-essential to its survival, but formed because of essential functions. By throwing this burden away, the cell solves its problem of adaptation.
From this viewpoint, several observations are easily understood. The loss of structural protein from the ergastoplasm means disintegration of the tubular network. The RNA-rich granules (Palade-granules) which are attached to the outer surface of these tubules (Palade 1955) , are no longer held in an orderly arrangement or in quantitatively sufficient amounts by these tubules. The Palade granules, now randomly distributed, may either disappear or become independent and present in increased amounts within the soluble phase. This explains the observed redistribution of cytoplasmic RNA, reported in the previous paper. Since G 6-Pase is anchored to the residuum, its loss in the critical stage of carcinogenesis helps in increasing the concentration of glycolytic intermediates. An analogous circumstance seems to be valid for hexosodiphosphatase, indicating that the conditions for increased glycolysis may again be explained by the loss of ergastoplasmic residuum. This represents an additional gain for the cell whose mitochondria became scarce.
On the basis of the circumstance that both hormones and carcinogen act on the same structural component and following the concept (Fiala, 1958 ) that considers the cell as a homeostat, one can understand easily why a hormone may exert, under certain conditions, a carcinogenic effect, as is known for oestrogen (Lacassagne, 1933) . The negative feedback in a homeostatic mechanism can easily become positive. It may not be too far fetched to consider the action of certain carcinogenic compounds as an action of "false hormones ". In any case one can draw from our experiments the conclusion that the localization of foreign compounds at a vitally important position within, the cell, that is the structural protein of the ergastoplasm, and its ejection by the cell, results in malignant transformation of the cell.
SUMMARY
The experimental evidence was given to show that carcinogenic azo dye 3'-methyl, 4-dimethylaminoazobenzene is localized in the ergastoplasm and the soluble phase of the cell. The same is true for 3,4 benzopyrene in mouse epidermis.
The mitochondria do not contain protein-bound carcinogen. This substantiates the fact that these compounds are not respiratory inhibitors.
The carcinogen-binding proteins in the ergastoplasm and in the soluble phase are distinct from nucleoproteins. The ergastoplasm was fractionated into an insoluble residuum, poor in sulphydryl groups and in aromatic aminoacids, and into a soluble fraction. The former contains the carcinogen, the latter ribonucleic acid. The protein-bound carcinogen inhibits new formation of an adaptive liver enzyme, tryptophan peroxidase, and also inhibits the cortisone induced increase of glucose-6-phosphatase even after a single application.
The insoluble residuum contains glucose-6-phosphatase. Its disappearance from the cell coincides with increased anaerobic glycolysis.
This stage in carcinogenesis is marked by the depletion of the residual structural protein from the ergastoplasm.
It was concluded that binding of the carcinogen to this intracellular locus and its consequent irreversible loss means the liberation of the cell from its social 18 duties to the organism, this being identical with the malignant transformation of the cell.
